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I. Introduction and

Motivation

First detection of SUSY:

L (arge) H(adron) C(ollider): q, g < 2.5 TeV

What is left for a Linear Collider:

precise determination of underlying SUSY
parameters

Unconstrained SUSY: 105 free parameters !

— to reduce parameters: assumptions on their
behavior at the GUT-scale, CP, FCNC,...

— few free parameters, e€.g. gaugino masses
My, M> and M5



one usual Assumption:

Unification of My, M> and M3 at the GUT-Scale
Y

RG equations

Y

5
{Ml = gtanQ Oy Mo ]

But:

e Unification - assumption must not be right!

e Different SUSY breaking scenarios:

Fo My Mo M3

1 | 1(~6) | 1(~2) 1(~ 1)

24 | 2(~12) | -3(~ —6) | -1(~ —1)
75 | 1(~6) 3(~ 6) -5(~ —5)
200 | 1(~6) | 2(~4) 10(~ 10)
OIl | 1(~6) | 5(~10) |53/5(~ 53/5)

Chen, Drees, Gunion, 1997/1999

— My determination necessary



Particle Content of the
MSSM

Particles of SUSY Particles

the SM Int-ES Mass-ES
l=¢e,u,T1 I1,lp [1,Io Slepton

V = Ve, Vy, Ur 1% % Sneutrino
q=u,d,s,c,b,t | qr,9qr | 91,92 Sdquark
W W 55;: Chargino
H* A+

g Y

Z z 52? Neutralino
HY Ay

H3 i3

g g g Gluino

Y = Nj134+ NjoZ + NizAP + N, HS




Parameters of the
MSSM

e M»>: SU(2) gaugino mass parameter
e My: U(1) gaugino mass parameter
e 1. Higgsino mass parameter

e tanps = %: ratio of the Higgs vacuum
expectation values

o me/R: sfermion masses (corr. to mg, the

common sfermion mass at the GUT
scale)

5
"Usual“ GUT-Relation: {Ml = gtan2 Oy Mo J
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III. M-dependence of
SUSY Processes

MSSM-Parameters:

M, Mo, w, tang, me,, Mgy

I \

U(l) SU(2) mQ

GUT-Relation: [Ml = M, - S tan? ew}

CP-Conservation: My, Mo, p real
Parameters for all processes:
M> = 152 GeV
uw =316 GeV
tang =3

Different choices for:;:

V/See, Mg, Mgy, polarized e+e_/7 beam



III.1. Neutralino Production in

etTe~ Annihilation

Process:

e” et - X8+ X3

L XY +et +e

e Associated production of % and %9 with lep-
tonic decay of ¥3

e Complete spin correlations between production
and decay:

-+ contributions independent of ig—polarisation

+ contributions depending on ¥3-polarisation



Feynman Graphs for
Neutralino Production and

Leptonic Decay

Production :

=0
e X2 € Xl
015 YR fLR
Decay
L/R L/R

My in Production and Decay:

- MAasses m-o, Mm-o
X1 X2

. 17
- couplings 045, fh L, R
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Total Cross Section ael

oe/Tb G. Moortgat-Pick, 1999

A/ See — m)z(])- —I_ mig + 30 GeV

mg, = 161 GeV

meg, = 176 GeV

P_=0,+0.85, P; = 0,+0.6 — (sgn(P-),sgn(P4.))



Asymmetry Arp of the
decay electron

e (COSO¢ > 0) — ge (COS O < 0)
e (COSO¢ > 0) + 0¢ (COSOe < 0)

App =

Arp G. Moortgat-Pick, 1999

(+-) = (+0)

.0.05 | (t9)
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Polarization Asymmetry Ap0l|

A — Oee (‘|‘O) — Oe¢e (—O)
pol Oce (‘|‘O) + Oce (—O)

Apol G. Moortgat-Pick, 1999
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II1.2. LSP/Selectron Production

In ey Scattering

Process:

LSP/Selectron production with leptonic decay

Photon beam: Compton-backscattering of laser
photons

Higher mass reach in LULET for ey-mode

For the plots in this section:

P. = long. polarization of the electron beam

A7, = circular polarization of the laser beam

A = long. polarization of the converted
electron beam



Observable oee:

Total cross section in the ey-cms:

L/R ~ — ~
ae»y/ = op(sey) - BR <€L/R — € X?)

Important relation:
4" (1)
Convolution |

Total cross section in the ee-cms:

L/R
O'ee/ /dyPC(y)o'e’y (36’7 = YSee)

Po(y = E—”) = ~ - spectrum of the Compton
backscattered laser photons

— A = helicity of the converted e~

— A7, = helicity of the laser photons



. 1 +
LR = (14 @) (oe%/R)

=3
+o -2 (oH)

+/=
(afv/ R) = total cross sections for

a completely right (left)
circular polarized photon beam

A (y) = mean helicity of the photon beam

Same final states for ep and ey,

— Oee = aé’e -+ aé%

Polarisation Asymmetries:

Oee (+Pe) — Oee (—Pe)
Oce (+Pe) + Oce (—Pe)

Oce (+AL) — 0ee (—AL)
L Oee (+AL) + dee (—AL)

Oee (_I')‘Lv —Ak) — Oee (_>\L7 ‘|‘)\k)
oee (AL, —Ak) + 0ee (—AL, +Ag)

AN
2
|



Production :

€L/R

Decay :

My in Production and Decay:

- Mass m-o
X1

- couplings fh, &

Feynman Graphs for
LSP /Selectron Production

and Leptonic Decay



Polarization Asymmetry A7|

Oee (See, Pe, —>\k;, ‘|‘/\L) — Oee (See, P€7 +)\I<;7 _>\L)
Oee (8667 P€7 _>‘k7 +)‘L) + Oee (3667 P€7 +)‘k7 _)‘L)

Ay =

0 50 100 150 200 250 300

My/GeV

v/See = 500 GeV

ALl =1
P. = 0.8

mg, = 179.3 GeV
ng = 137.7 GeV



Polarization Asymmetry A’\Ll

A __ Oee (3667 P67 )‘ka >‘L) — Oece (8667 Pe, )‘ka _>‘L)
AL Oee (3667 P€7 >‘k‘7 >‘L) + Tee (3667 Pe; >‘k‘7 _>‘L)

0 50 100 150 200 250 300

Ml/GeV

v/See = 500 GeV

Ap = +1
A\, = +0.8
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mgL = 179.3 GeV
ng = 137.7 GeV



Polarization Asymmetry A’\Ll

__ Oee (3667 P67 )‘ka >‘L) — Oece (8667 Pe, )‘ka _>‘L)
L Oee (3867 P67 >‘k7 >‘L) + Tee (3867 Pe, >‘k7 _>‘L)
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A\, = —0.8
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mgL = 179.3 GeV
ng = 137.7 GeV



Total Cross Section
:1)

Convoluted cross section in the lab. frame:

Oece (3667 P€7 )‘ka )\L) — /dyP (y) Oey (Se'y) X BR (gL/R — )2?6_)

300
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150 |
100 |

50 |

0 50 100 150 200 250 300

Ml/GeV

A/ See — 500 GeV

P.=0.8
A, = 40.8

A =+1——
Ap=—-1————

mg, = 179.3 GeV
ng = 137.7 GeV



Total Cross Section
Oee ()\L — ::1)

Convoluted cross section in the lab. frame:

Oce (8667 Pe; )\ka )\L) — /dyP (y) Oey (Se’)’) X BR (éL/R — )2?6_)

Oee/ b
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Total Cross Section
Oee ()\L — ::1)

Convoluted cross section in the lab. frame:

Oee (Sees Pey Aigy AL) = /dyP (y) oey (Sey) X BR (5L/R — )2(1)6_)

oee/ b
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II1.3. Chargino Pair Production

In vy Scattering

Process:

v+ i1+ &7

1
\— )Z(]?+€++Ve

-I-e + Ve

e Chargino pair production with leptonic decay

e Complete spin correlations between production
and decay:
-+ contributions independent of if-polarisation

+ contributions depending on )‘Zi"/)'ZI—polarisation

+ contributions depending on spin correlations
between >”<1" and x;



e In the production only QED!

e For the plots in this section:
AL,1AL, = Circular polarization of the laser beams

Aki Ak, = longitudinal polarization of the
converted electron beams

Observables|

Convoluted cross section in the lab. frame:

Oee (see, s Akis /\Lm) = /dyldyQP (y1) P (y2) 04y X BR <)~<1“ — i?e"'u)

Forward-backward asymmetry:

0e (COSO¢ > 0) — ge (COS O < 0)
0e (COSO¢e > 0) + 0¢ (COSOe < 0)

App =



Feynman Graphs for
Chargino Pair Production and

Leptonic Decay

Production :
¥ >"<1+
¥ X1
Decay :
OL/R

11 -0 Ve et

My only in the Decay:

- Mass m-o
X1

. L/R
- couplings OX/ % fL | ¢l



Total Cross Section aee|

Convoluted cross section in the lab. frame:

Oce (8667 ’ Ak1,27 )\Ll,g) — /dyldyQP (yl) P (yQ) Ty X BR <521|_ — i?e—}_y

Oee/Pb T. Mayer, 2000
0.18!}, ' |

0.17}
0.16}

0. 15}

0. 14}

0.13}

50 100 150 200
Ml/GeV

/See = 1000 GeV (— higher cross sections than
for \/see = 500 GeV)

mg, = 137.7 GeV mg, = 330.5 GeV
mgL = 179.3 GeV ’)’I’LgL — 350.0 GeV
)‘Ll — )\L2 =0

)\kl = 0.8 >‘k2 — —0.8

)



Asymmetry Arp of the
decay electron

e (COSO¢ > 0) — g (COS O, < 0)
0e (COSOe > 0) 4 0 (COS O < 0)

App =

T. Mayer, 2000

100 150 200
Ml/GeV

/See = 1000 GeV (— smaller App than for \/see =
500 GeV)

= 137.7 GeV mg, = 330.5 GeV
mg, = 179.3 GeV mg, = 350.0 GeV
)\Ll — )\L2 =0

)\kl = 0.8 >‘k2 — —0.8



II1.4. Selectron Pair Production

INn e e~ Scattering

Process:

e Eyntinn

e All 4 neutralinos as exchange particles

e Polarized electron beams
— better polarisation than in etTe™

e For the plots in this section:

Pe; , = long. polarization of the electron beams



Feynman Graphs for
Selectron Pair Production

and Decay

Production : i
o e{1,2,3,4} SL/R
4 y
>
=1 /
o éL/R
L/R
fe{/1,2,3,4}
Decay :
L/R
fel )'Z(l)
CLr — signature: e~ 4+e 4+ F

My in Production and Decay:
- Mass m-o
X4

- couplings flL, fl

! €1



Total Cross Section aeel

Oce — O <€_€_ — éL/RéL/R — 6_6_)2(]?)‘2(]?>
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Total Cross Section aeel
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e —>€L/R€L/R—)€ e X1X1>

O'ee=0'<€

200 400 600 800 1000
Ml/GeV

Oce = ORRr tor1 + +

V3ee = 500 GeV
mg, = 137.7 GeV

mg, = 179.3 GeV
P, = P, = 80%



Total Cross Section aeel

Oce — O <€_€_ — éL/RéL/R — 6_6_)2(]?)‘2(]?>

O'ee/pb
0. 35

0.3
0. 25
0.2
0. 15
0.1
0. 05

~ 200 400 600 800 1000
Ml/GeV

Oce = ORRrtor1 + +

V3ee = 1000 GeV
mg, = 330 GeV

mg, = 350 GeV
Pey = Pey = 0%



Total Cross Section aeel
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IV. Conclusions and
Outlook

e Determination of the gaugino mass parameter
M- in principle possible in every mode of a linear
collider

o eTe™ — %9 — xPxfeTe:
oe, App sensitively dependent on M.
Complicated M-dependence
— ambiguities for 40 GeV< M7 < 160

GeV.

Possibility to seperate ambiguities via
Apo (depends on selectron masses
and splittings).

¢ ey — X1€ — Xixje™:
oee, Ay, sensitively dependent on M;
for 40 GeV< M7 < 300 GeV.
With both observables: no ambiguities.



vy = XKL = KL RQeTve:
strong dependence of g¢, App on My
only for 40 GeV< M7 < 160 GeV.

With both observables: no ambiguities.

e e —ee— e_e_f(?)”(?:
Widest range for My (40 GeV< My <
1000 GeV)
Ambiguities, seperation via asymmetries?

Accuracy between O (0.1%) and O (10%) de-
pending on the mode and the parameter point

Polarization is necessary in every mode for M-
determination !

Outlook: selectron pair production in e" e~
selectron pair production in ~~
ISR



